Abstract: Cardiac and peripheral vascular biomarkers are increasingly becoming targets of both research and clinical practice. As of 2008, cardiovascular-related medical care accounts for greater than 20% of all the economic costs of illness in the United States. In the age of burgeoning financial pressures on the entire health care system, never has it been more important to try to understand who is at risk for cardiovascular disease in order to prevent new events. In this paper, we will discuss the cost of cardiovascular disease to society, clarify the definition of and need for biomarkers, offer an example of a current biomarker, namely high-sensitivity C-reactive protein, and finally examine the approval process for utilizing these in clinical practice.
who may be at risk and attempt to mitigate those risks either before an event happens or prior to its reoccurrence. If new tests were found to predict not only the onset of the disease, but also its acute presence and reappearance, then the already overburdened medical system could benefit in the form of decreased hospitalizations and outpatient visits.
The American Heart Association (AHA) published a statement in 2009, which summarizes risk, its evaluation, prediction methods, and utility of novel markers in cardiovascular disease. 4 This paper attempts to expand on the AHA position paper in order to further the understanding of what type of markers may be relevant clinically.
Definition of and need for biomarkers
In order to understand the role of biomarkers, it is useful to first define the term. In 2006, Vasan noted that the term 'biomarker' or 'biological marker' was first used in 1989 as a Medical Subject Heading to mean "measurable and quantifiable biological parameters which serve as indices for health-and physiology-related assessments such as disease risk, psychiatric disorders, environmental exposure and its effects, disease diagnosis, metabolic processes, substance abuse, pregnancy, cell line development, epidemiologic studies, etc." 5 It was not until 12 years later in 2001 that the definition was standardized and further defined. At that time, the definition was narrowed to be "a characteristic that is objectively measured and evaluated as an indicator or normal biological processes." 6 These can be measured in a bodily fluid (eg, blood, urine) or via medical imaging or testing.
One difficulty in establishing a novel, useful biomarkers is determining if it is causally related to the outcome of interest or if it is merely a confounder or proxy for an alternative factor, ie, risk marker or risk factor. The term 'risk factor' was first used in 1961 by Dr William Kannel of the Framingham Heart Study. 7 It was intended to be used for "both causal and predictive factors." 8 However, in current parlance, a risk marker is considered a risk factor if an intervention results in a change of risk. The most commonly cited example is that of hypertension as a risk factor for coronary artery disease because as blood pressure is decreased, studies have shown that coronary artery disease risk also decreases. 8 While the definition of the term has changed over the years, so too have the statistics which are used to quantify the utility of each biomarker. The first statistic used is the receiver-operating characteristic (ROC). This curve plots the true versus false positives for a given test. The area under the curve (AUC) yields a c-statistic which assesses the AUC and estimates the probability that a given model assigns a higher risk to those who develop a disease than those who do not. 9 For example, a c-statistic of 0.5 would suggest the assignment is due to chance, while a higher value has good capability of delineating cases from noncases. These two statistics were seen as insufficient because once several risk factors are added into a model, it is quite difficult to achieve a significant increase in the c-statistic. Pencina et al proposed another statistic to deal with this problem, the net reclassification index (NRI). 10 This statistic assesses how individuals are moved from one risk classification to another based on the addition of further modeling variables. It can vary from −2 to +2 where positive indicates appropriate reclassification. 10 Unfortunately, most new biomarkers have shown small NRIs in the 0.02-0.1 range. 9, 11, 12 Obviously, there is a need to discern in each case whether or not reclassifying patients is clinically significant and whether or not there is a benefit to doing so. Currently, there is no consensus regarding a clinically meaningful NRI; however, investigators should be encouraged to a priori develop categories that are clinically meaningful for their particular question.
There are three criteria that have been outlined for evaluating biomarkers: (1) ease of management, (2) addition of information, and (3) effect on management. Thus, it is important for any cardiovascular biomarker selected to not only be relatively simple to obtain across the population, but it must also add new information that other available tests do not. 13 Finally, it must be something in response to which changes can be made to alter an outcome. It is this third criterion, which has precluded many biomarkers from reaching the clinical realm. [14] [15] [16] For example, a population-based study in The Netherlands by Kavousi et al added B-type natriuretic peptide (BNP), von Willebrand factor antigen levels, fibrinogen, chronic kidney disease, leukocyte count, C-reactive protein (CRP), homocysteine, uric acid, coronary artery calcium scores, carotid intima-media thickness, peripheral arterial disease, and pulse-wave velocity to a risk-prediction model utilizing the traditional coronary disease risk factors described above. 15 They found that coronary artery calcium was the only predictor that significantly improved risk predictions with a c-statistic of 0.05 and confidence interval (CI) of 0.02-0.06 with a NRI of 19.3%. They did not examine the cost-effectiveness of this test or take into account the radiation dosing this test would impart across a population. Ultimately, if it cannot be shown that patients live longer, better, or have fewer hospitalizations as a result of screening with a biomarker, it is unlikely to be deemed cost-effective and thus less likely to be covered by third-party payers.
For example, troponins were a successful biomarker because it allowed clinicians to separate those having an acute myocardial infarction from those who did not. They are also easy to measure and clearly gives information earlier than other available technologies such as a transthoracic echocardiogram where a wall motion abnormality might not be present despite an early, elevated troponin. They also clearly have an impact on management triaging a patient typically to hospital admission and early intervention. Recently, a small trial (n = 872) was published wherein patients with acute chest pain had high-sensitivity troponin T measurements done in a blinded fashion at baseline and within the first hour in the emergency department. Using this approach, 60% of patients could be ruled-out and 17% ruled-in with the remainder needing to be observed. The sensitivity and specificity were 100% and 97%, respectively. 17 If this data holds true in larger trials, this promising biomarker may obviate the need for some unnecessary admissions or observations thus freeing up health care resources for sicker patients.
Recently, Nadir et al published a study of 300 asymptomatic individuals in whom they performed echocardiography and stress testing to identify silent cardiac target end-organ damage including left ventricular hypertrophy, left atrial enlargement, systolic dysfunction, and ischemia (of note, the latter two only represented 12.6% of the outcomes). 18 They found that BNP had an AUC of 0.78 for identifying the outcome of interest. They also found that high-sensitivity troponin T had an AUC of 0.7. The AUCs were lower for women than men. They suggest that perhaps the BNP could be used as a screening tool although, as this paper will describe, it is not enough to simply order a test if there is no additional opportunity to intervene to alter the natural history.
Thanks to the contribution of the Framingham Heart Study, a major epidemiologic study examining residents of Framingham, Massachusetts since 1948, there are now several, commonly accepted risk factors for cardiovascular disease including male sex, elevated low-density lipoproteins (LDL), smoking, hypertension, family history of premature coronary disease, and diabetes mellitus. From these factors, a risk score can be calculated; however, these risk factors do not account for all of the coronary disease risk. Large trials and meta-analyses have shown that approximately 90% of people who have an acute coronary syndrome have one of the major risk factors. 19, 20 In addition, 10%-15% of people who develop an acute coronary syndrome do not appear to have any identifiable risk factor and patients with traditional risk factors may not ever develop cardiovascular disease. Novel biomarkers seek to address this issue and will be the principal focus of the biomarker discussion in this paper.
Examples of current biomarkers
While the United States National Institutes of Health (NIH) began funding grants related to biomarkers in the 1980s, particularly within the realm of breast cancer, the number of NIH grants that contained the term 'biomarker' increased sharply in 2009. 21 According to a database query by Ptolemy and Rifai, there was a fivefold increase in grants and a similar submit your manuscript | www.dovepress.com Dovepress Dovepress increase in funding from approximately $400 million in 2008 to $2.1 billion in 2009. 21 While they note there are some methodologic limitations to this query, it clearly shows a recent increase in the topic as detailed solely by grant funding.
There are many biomarkers currently under study. For a detailed listing of some of the more common ones, see Table 1 . Metalloproteinases, 22 BNP, coronary artery calcium, 23 chimerin, 24 adiponectin, 25 alanine aminotransferase and gamma-glutamyltransferase, 26 adiponectin and des-acyl ghrelin, 27 plasma phospholipid-transfer protein, 28 and sialic acid 29 have all been recently proposed as novel markers of cardiovascular disease or metabolic syndrome. There have been many reviews published in the past decade examining each of these in detail though most focus on the biochemical nature of the molecules and the laboratory undertakings for moving research forward. 22, 30, 31 There is also a disparity in the literature between primary and secondary prevention and whether or not there may be different biomarkers, which would be useful in each case. 32, 33 The Heart and Soul Study examined the additive predictive value of six biomarkers (N-terminal-pro-beta-natriuretic peptide [Nt-pro-BNP], cystatin C, albuminuria, CRP, interleukin-6, and fibrinogen) in 979 patients who already had coronary artery disease. 33 In this study, being in the highest vs the lowest three quartiles of Nt-proBNP was associated with a hazard ratio of 2.13 (95% CI: 1.43-3.18). Being in the highest quartile of CRP vs the other three yielded a hazard ratio of 2 with a CI of 1.4-2.85. These two, along with albuminuria remained significant in multivariate analyses. Overall, the AUC in the ROC curve increased from 0.73 to 0.77 with the addition of these biomarkers in cases of secondary prevention. This suggests that there may be combinations of biomarkers that are useful and also that there is 23% of the AUC for which we have not yet accounted. Table 2 describes 10 additional studies, which examined the addition of multiple biomarkers to accepted clinical risk factors for the determination of cardiovascular outcomes. This table shows that there is rarely more than a 3%-4% increase in the AUC and all areas centered around 65%-80%.
It is useful to examine the steps that need to be undertaken for future biomarkers by examining one of the more promising current ones. In this paper, CRP will be discussed as a candidate biomarker.
CRP was originally discovered by Tillett and Francis in 1930 and since it reacted with the C polysaccharide of Pneumococcus, it received its name. 34 It is a member of the pentraxin family involved with acute immune responses that is formulated in the liver. 35 It is thought to increase uptake of LDL by macrophages 36 and to enhance local expression of multiple cell surface adhesion molecules 37 and thus play a role in inflammation, and inflammation is known to mediate many atherosclerotic events.
Older assays used to measure CRP only detected levels . 10 which signified an acute phase reactant in the setting of major illness. With the advent of high-sensitivity CRP (hsCRP) detection, researchers have been able to submit your manuscript | www.dovepress.com ; MACE, major cardiovascular events; Ml, myocardial infarction; MMP-1, matrix metalloproteinase-1; MR-proADM, mid regional proadrenomedullin; MR-proANP, midregional proatrial natriuretic peptide; NA, not applicable; NS, not significant; NT-proANP, N-terminal pro-atrial natriuretic peptide; NT-proBNP, N-terminal pro-brain natriuretic peptide; PAI-1, plasminogen-activator inhibitor type l; sTM, soluble thrombomodulin; TIMP-1, tissue inhibitor of metallopeptidase inhibitor l; tPA, tissue plasminogen activator.
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stratify by risk categories that are far below those that could be measured previously. In general, the classification strata have been that .3 mg/L are high risk and ,1 mg/L are low risk while those between 1 and 3 mg/L are considered intermediate risk. 38 There are several clinical trials in which CRP received much attention. In the Women's Health Study, a prospective case-control study of those in the Women's Health Initiative who developed heart disease, those with the highest CRP levels had a doubling of coronary heart disease. 39 The Physicians' Health Study had similar data in that those with the highest levels of CRP had an adjusted relative risk of 2.9 (P , 0.001) for acute coronary syndrome compared to the lowest quartile. 40 In addition, men who did not have a coronary syndrome at baseline, but who developed one over the ensuing 8 years were found to have significantly higher baseline CRP levels (1.51 vs 1.13 mg/L; P = 0.02). 41 When the data from the entire Women's Health Initiative was analyzed by LDL and hsCRP levels at baseline, both were related to the development of subsequent cardiovascular events. Nearly half of the events occurred in patients with LDL levels below 130, 42 so it was purported that hsCRP might be a useful stratification tool.
Results from the Pravastatin or Atorvastatin Evaluation and Infection Therapy (PROVE-IT) 43 are similar to those of the Reversal of Atherosclerosis with Aggressive Lipidlowering Therapy trial (REVERSAL), 44 which is that there is atherosclerotic regression measured by intravascular ultrasound with both LDL and CRP lowering, therefore it has been posited that there may be a decrease in cardiovascular events if statin therapy is based on CRP values. 38 The Air Force/Texas Coronary Atherosclerosis Prevention Study (AFCAPS/Tex-CAPS), another primary prevention trial, found that lovastatin lead to a 14% decrease in CRP levels (P , 0.001). If CRP was greater than the median level of 1.6 mg/L, then the lovastatin lead to decreased cardiovascular event rates. If both CRP and the total cholesterol/ high-density lipoprotein ratio were lower than the median, then there was no effect of lovastatin. 45 The Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) was a primary prevention trial, which had hsCRP as one of its inclusion criteria. Nearly 18,000 people were enrolled with hsCRP . 2 mg/L. The trial was stopped prematurely by the Data Safety Monitoring Board. The results showed that statin use significantly lowered the rate of first major cardiovascular event among those with baseline LDL levels less than 130 with a hazard ratio of 0.56 (95% CI: 0.46-0.69) and lowered CRP by 37% when compared with placebo. 46 The trial did not evaluate the benefits of statin therapy in those with hsCRP , 2 as they were not included in the trial. It also did not evaluate hsCRP as an independent predictor of major cardiovascular events.
Among those with established coronary artery disease, levels of hsCRP have been shown to be correlated with recurrent events. 47 In addition, as Tsimikas et al noted in 2006, 48 elevated levels of hsCRP have also been shown to predict vascular risk in patients undergoing elective percutaneous coronary interventions and coronary artery bypass graft surgery. 49 For those with known cardiovascular disease, the Cholesterol and Recurrent Events Trial (CARE), a doubling of recurrent events for those in the highest quintile of CRP was noted. 50 Also in patients with acute coronary syndromes, high CRP levels portend a poorer prognosis. 51 Despite the abundance of clinical data suggesting that CRP may be a risk factor in the pathway to atherosclerotic cardiovascular disease, the basic science analyses of CRP and heart disease have thus far been less favorable. 52, 53 A recently published genetics study of four CRP gene polymorphisms concluded that there was no increased risk of heart disease with additional copies of these alleles, thus concluding that CRP may not be a risk factor in heart disease. 52 CRP has not been shown to change the c-statistic of the ROC curve 54 and it has also not led to a substantial NRI in most populations. 9 However, for those who are in an intermediate-risk category, a recent meta-analysis concluded there is strong evidence that CRP has predictive value for cardiovascular events independent of other risk factors and that moderate evidence suggests that may improve risk stratification for those at intermediate risk. 55 It has already been added to the European Society of Cardiology's guidelines for risk stratification of patients with acute coronary syndrome. 56 In the United States, the most recent American College of Cardiology/AHA guidelines for the assessment of asymptomatic adults listed measuring hsCRP as a Class IIa indication for men and women with LDL , 130 in order to decide whether or not to use a statin. A Class IIb indication was given to measuring hsCRP for risk stratification in women over 60 years and men over 50 years of age.
In addition, a recent systematic review by Micha et al examined cardiovascular disease risk and methotrexate use. 57 The hypothesis was that a disease-modifying antirheumatic drug used for inflammatory disorders could also lead to a lower rate of cardiovascular disease mediated submit your manuscript | www.dovepress.com Dovepress Dovepress via the inflammatory pathway. Their conclusion was that methotrexate use was associated with a 21% lower risk of cardiovascular disease and 18% lower risk of myocardial infarction. 57 This lends promise to the notion that identifying markers of inflammation may allow interventions to decrease overall cardiovascular risk.
Approval process for utilizing biomarkers in clinical practice
The Food and Drug Administration (FDA) funded a study undertaken by the Institute of Medicine (IOM) to "(1) evaluate risk biomarkers and surrogate endpoints in chronic diseases, using cancer and cardiovascular disease as prototypes; (2) use existing prototypes to develop a framework that can be employed by various entities including the National Institutes of Health, Congress, and the FDA to assess the utility of biomarkers as surrogates in particular disease processes". 58, 59 The findings from this expert panel helped lay the groundwork for what would constitute a useful biomarker and surrogate endpoint via framework conceptualization, statistical references, and case studies.
Conclusion
In summary, cardiovascular disease is a growing problem in the United States and in most developed nations worldwide. 60 Traditional risk factors do not account for the entirety of risk and there are many people who have events who do not fit the traditional definition of "high risk". To that end, new biomarkers must be developed in order to find ways of identifying those individuals at risk in an attempt to alter their course either primarily or secondarily. CRP was used as an example to show a molecule that has undergone significant study, but for which ways to intervene for a given individual are not yet known. Further study in this realm will hopefully elucidate the role of hsCRP and other markers like it.
The FDA has made great strides towards defining and delineating ways in which biomarkers can be approved for use. This will hopefully also change the way in which policymakers use the scientific information to inform policy.
Perhaps with these strides we will move closer to the Hippocratic teaching that "it is more important to know what sort of person has a disease than to know what sort of disease a person has" and that in doing so, the health of our population will continue to improve.
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